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Case II (entire ring in compressible earth). The formulas for Case I should be used only when the structure is to be built on solid rock.
If the maximum compressive stress is excessive, it will be necessary to increase the thickness of the ring. If the required increase is not great, the design may still be based upon the moments, thrusts, and ahears given by the formulas, on the assumption that the change in thickness of the cross-section will not materially affect their applicability. If considerable increase m thickness is needed, however, it will be necessary to analyze the stresses by one of the methods previously explained, the Dresser formulas not being applicable.1
In the case of a wide trench, the loading to be sustained will be materially greater than that assumed in the Dresser formulas, and they should not be employed.
COMPUTATION OF STRESSES IN ARCH
In the previous discussions, the thrust, shear, and bending moment have been computed for the various divisions of the arch ring (voussoirs). The next step hi the design of the sewer arch is to determine the maximum stresses in the masonry and steel m order to make sure that they do not exceed the safe working stresses and, further, to determine that the arch has been designed as economically as possible.
In order to simplif y the discussion, plain concrete or masonry will be considered separately from concrete reinforced with steel.2
Let   R = resultant of all forces acting on any cross-section of aroh ring fe = maximum unit compression in masonry f'e = minimum unit compression in masonry N = thrust, the component of R normal to the joint V = shear, the component of R parallel to the joint & = breadth of rectangular cross-section, taken as 12 in. t = thickness or depth of rectangular cross-section, in inches8 x0 = eccentricity, that is, the distance from the center line of ring to the point of application of the thrust, which is the intersection of the hne of resistance with the plane of the cross-section
M = bending moment on the cross-section = Nxa f'a = maximum unit compression in the steel
1 It would be possible to compute another sot of formulas for a thick section, similar to the Drosaor formulas for the standard section, using the second sot when it beoame necessary to employ n, section too thick for the application of tho Dresser formulas, but the likelihood of making use of them seems too email to warrant tho Inbor required
* Discussions similar to tha following may bo found in HOOL and JOHNSON, " Concrete Engineers' Handbook," HOOL and KINNB, "Structural Members and Connections," and TAYLOB, THOMPSON1, and SMULBKI, "Concrete, Plain and Reinforced," Vol I
1 It should be noted that in previous pages dealing with external loads, dimensions are in feet and moments in foot-pounds In considering stresses, the inch IB the customary unit.